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57 ABSTRACT

A method for analyzing and resolving problems in a process
server is disclosed herein. In one embodiment, such a method
may include receiving a log file associated with an application
running on the process server. The application may be made
up of higher-level service component artifacts, and lower-
level implementation artifacts used to implement the higher-
level service component artifacts. The method may further
include identifying error messages in the log file and deter-
mining which implementation artifacts are associated with
the error messages. The method may further include mapping
the implementation artifacts to service component artifacts
associated with the implementation artifacts. The error mes-
sages may then be displayed along with their relationship to
the service component artifacts. A corresponding apparatus
and computer program product are also disclosed and
claimed herein.
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TOOL FOR ANALYZING AND RESOLVING
ERRORS IN A PROCESS SERVER

BACKGROUND

1. Field of the Invention

This invention relates to Service Component Architecture
(SCA), and more particularly to apparatus and methods for
analyzing and resolving SCA runtime errors in process serv-
ers, such as WebSphere Process Server.

2. Background of the Invention

Service Component Architecture (SCA) is a set of specifi-
cations which describe a model for building applications and
systems using a service-oriented architecture (SOA). SCA
extends and complements prior approaches to implementing
services, and builds on open standards such as Web services.
WebSphere Process Server (WPS) is one example of a runt-
ime engine that supports SCA artifacts.

WebSphere Integration Developer (WID) is an integrated
development environment for building applications based on
SOA. WID is the primary authoring tool for WPS. WID users
typically use SCA to build their applications and services
using SOA. SCA provides a layer of abstraction that hides the
underlying implementation details from the user. This allows
users to focus on business-level concepts without worrying
about actual implementation of the services. The service
implementation can be virtually anything, such as conven-
tional object-oriented programming languages (e.g., Java,
C++) and XML -centric languages (e.g., BPEL, XSLT).

WebSphere Process Server reports the states and activities
of applications deployed on the process server using log files.
Everything from system printouts to errors and exceptions
may be written to these log files. As a result, these log files are
the most primitive tool to diagnose and correct application
problems on the process server. However, since all services
and applications running on the process server may record
their status in log files, the log files can grow quickly and
become very large. This can make it very difficult to identify
records of interest in the log files.

In WID, the conventional “console” view monitors log files
that are generated by the WPS process server. Instead of
manually locating the log files in the file system, the console
view creates a live session that monitors the log files (e.g., the
“SystemOut.log” and “SystemErrlog” log files) in real time.
The console view is a plain text view that displays the mes-
sages written to the log files. It does not provide advanced
features such as filtering and message correlation. As a result,
when an error occurs, users may have a difficult time finding
log messages that describe the error. If multiple errors occur
at the same time, the users may become more frustrated since
there is no easy way to correlate exceptions with particular
problems they have observed. Furthermore, some services on
the WPS dump error details called First-Failure Data Capture
(FFDC) in separate files. These files can be very difficult to
locate because they are assigned random names. These ran-
dom names make it easy to make a mistake when retrieving or
examining FFDC files.

The Test and Performance Tools Platform (TPTP) log ana-
lyzer provides another mechanism for analyzing log files
generated by the WPS process server. The TPTP log analyzer
is a standalone Rich Client Platform (RCP) application that
displays log messages in a sequential order. Although the
TPTP log analyzer is better suited for problem determination,
it is not suited to WID users because it provides information
regarding errors and problems only at the J2EE abstraction
layer. This is the low-level layer used to implement most WPS
high-level artifacts and not the high-level abstraction level
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that users are coding in. This means that WID users must
know how the high-level abstractions are implemented in
order to perform the necessary mapping from the low-level
implementation artifacts to the high-level artifacts.

SUMMARY

In view of the foregoing, the present invention provides
apparatus and methods for analyzing and resolving errors in
process servers, such as WebSphere Process Server or other
vendor-specific process servers. Further provided are appa-
ratus and methods to show how errors or problems in a pro-
cess server are related to high-level artifacts (e.g., SCA arti-
facts). Further provided are apparatus and methods to filter
and/or search for log records in a log file. Yet further provided
are apparatus and methods to fix errors in SCA artifacts once
errors are identified. The features and advantages of the
invention will become more fully apparent from the following
description and appended claims, or may be learned by prac-
tice of the invention as set forth hereinafter.

Consistent with the foregoing, a method for analyzing and
resolving problems in a process server is disclosed herein. In
one embodiment, such a method may include receiving a log
file associated with an application running on the process
server. The application may be made up of higher-level ser-
vice component artifacts, and lower-level implementation
artifacts used to implement the higher-level service compo-
nent artifacts. The method may further include identifying
error messages in the log file and determining which imple-
mentation artifacts are associated with the error messages.
The method may further include mapping the implementation
artifacts to service component artifacts associated with the
implementation artifacts. The error messages may then be
displayed along with their relationship to the service compo-
nent artifacts. In this way, the user is able to see how errors or
failures relate to higher-level service components that the
user is coding in.

A corresponding apparatus and computer program product
are also disclosed and claimed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the advantages of the invention will be readily
understood, a more particular description of the invention
briefly described above will be rendered by reference to spe-
cific embodiments illustrated in the appended drawings.
Understanding that these drawings depict only typical
embodiments of the invention and are not therefore to be
considered limiting of its scope, the embodiments of the
invention will be described and explained with additional
specificity and detail through use of the accompanying draw-
ings, in which:

FIG. 1 is a high-level block diagram showing one example
of an application incorporating one or more SCA compo-
nents;

FIG. 2 is a flow chart showing one example of a method for
analyzing and resolving a problem with an application run-
ning on a process server;

FIG. 3 is an example of a log viewer showing SCA invo-
cations in a hierarchical format;

FIG. 4 is an example of the log viewer showing a list of
pre-defined filters to filter log records;

FIG. 5 shows the log viewer with one type of filter applied;

FIG. 6 shows the log viewer with another type of filter
applied;

FIG. 7 is an example of a dialog box for searching log
records;
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FIG. 8 is an example ofa dialog box showing properties for
a particular log record;

FIG. 9 is an example of the log viewer showing how log
records may be selected for import into a test client;

FIG. 10 is an example of a graphical user interface (GUI)
for a test client; and

FIG. 11 is a high-level block diagram showing various
modules that may be included in a tool (apparatus) in accor-
dance with the invention.

DETAILED DESCRIPTION

It will be readily understood that the components of the
present invention, as generally described and illustrated in the
Figures herein, could be arranged and designed in a wide
variety of different configurations. Thus, the following more
detailed description of the embodiments of the invention, as
represented in the Figures, is not intended to limit the scope of
the invention, as claimed, but is merely representative of
certain examples of presently contemplated embodiments in
accordance with the invention. The presently described
embodiments will be best understood by reference to the
drawings, wherein like parts are designated by like numerals
throughout.

As will be appreciated by one skilled in the art, the present
invention may be embodied as an apparatus, system, method,
or computer program product. Furthermore, certain aspects
of the invention may take the form of a hardware embodi-
ment, a software embodiment (including firmware, resident
software, micro-code, etc.) configured to operate hardware,
or an embodiment combining software and hardware aspects
that may all generally be referred to herein as a “module” or
“system.” Furthermore, certain aspects of the invention may
take the form of a computer program product embodied in any
tangible storage medium having computer-usable program
code stored on the medium.

Any combination of one or more computer-usable or com-
puter-readable medium(s) may be utilized. The computer-
usable or computer-readable medium may be, for example
but not limited to, an electronic, magnetic, optical, electro-
magnetic, infrared, or semiconductor system, apparatus, or
device. More specific examples (a non-exhaustive list) of the
computer-readable medium may include the following: an
electrical connection having one or more wires, a portable
computer diskette, a hard disk, a random access memory
(RAM), a read-only memory (ROM), an erasable program-
mable read-only memory (EPROM or Flash memory), an
optical fiber, a portable compact disc read-only memory
(CDROM), an optical storage device, or a magnetic storage
device. In the context of this document, a computer-usable or
computer-readable medium may be any medium that can
contain, store, or transport the program for use by or in con-
nection with the instruction execution system, apparatus, or
device.

Computer program code for carrying out operations of the
present invention may be written in any combination of one or
more programming languages, including an object-oriented
programming language such as Java, Smalltalk, C++, or the
like, and conventional procedural programming languages,
such as the “C” programming language or similar program-
ming languages. The program code may execute entirely on a
user’s computer, partly on a user’s computer, as a stand-alone
software package, partly on a user’s computer and partly on a
remote computer, or entirely on a remote computer or server.
In the latter scenario, the remote computer may be connected
to the user’s computer through any type of network, including
alocal area network (LAN) or a wide area network (WAN), or
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the connection may be made to an external computer (for
example, through the Internet using an Internet Service Pro-
vider).

The present invention is described below with reference to
flowchart illustrations and/or block diagrams of processes,
apparatus, systems, and computer program products accord-
ing to embodiments of the invention. It will be understood
that each block of the flowchart illustrations and/or block
diagrams, and combinations of blocks in the flowchart illus-
trations and/or block diagrams, can be implemented by com-
puter program instructions or code. These computer program
instructions may be provided to a processor of a general-
purpose computer, special-purpose computer, or other pro-
grammable data processing apparatus to produce a machine,
such that the instructions, which execute via the processor of
the computer or other programmable data processing appa-
ratus, create means for implementing the functions/acts
specified in the flowchart and/or block diagram block or
blocks.

These computer program instructions may also be stored in
a computer-readable medium that can direct a computer or
other programmable data processing apparatus to function in
a particular manner, such that the instructions stored in the
computer-readable medium produce an article of manufac-
ture including instructions which implement the function/act
specified in the flowchart and/or block diagram block or
blocks. The computer program instructions may also be
loaded onto a computer or other programmable data process-
ing apparatus to cause a series of operational steps to be
performed on the computer or other programmable apparatus
to produce a computer implemented process such that the
instructions which execute on the computer or other program-
mable apparatus provide processes for implementing the
functions/acts specified in the flowchart and/or block diagram
block or blocks.

Referring to FIG. 1, one very simple example of SCA
architecture 100 comprising a single SCA application 104 is
illustrated. The architecture 100 is shown by way of example
to provide a general overview of SCA and is not intended to
be limiting. As shown, the architecture 100 includes a single
SCA application 104 comprising several high-level SCA
components 102a-c. Each of the components 102a-¢ may be
built with the same technology or different technologies. The
components 102a-¢ may run inside the same operating sys-
tem process, in different processes on the same machine, or
across two or more connected machines The SCA compo-
nents 102a-c may be implemented using one or more low-
level implementation artifacts 106. These low-level artifacts
106 may include, for example, Java, C++, Business Process
Execution Language (BPEL), or XSLT artifacts 106, to name
just a few.

As shown in FIG. 1, the SCA application 104 may be
accessed by external non-SCA clients 108, such as JavaSer-
ver Pages (JSPs), Web service clients, or the like. Service
components 102a-¢ within the SCA application 104 may
access data stores, such as databases 110. The SCA applica-
tion 104 may run within an SCA domain 112. The SCA
domain 112 may include runtimes installed on various
machines and associated with particular vendors. For
example, IBM’s WebSphere Process Server (WPS) is one
example of an SCA domain 112 in which an SCA application
104 may run. Nevertheless, the apparatus and methods dis-
closed herein are not limited to the WPS domain 112, but may
include a wide variety of vendor-specific SCA domains 112.
All suitable SCA domains 112 are intended to fall within the
scope of the invention. For purposes of this disclosure, the
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phrase “process server” is used to refer to SCA domains or
runtimes able to execute SCA program code, regardless of the
vendor.

FIG. 2 shows one example of a method 200 that a user may
follow when analyzing and resolving a problem (e.g., an error
or failure). As shown, the user may initially test SCA code
(step 202), such as by testing an SCA artifact 102 or a lower-
level implementation artifact 106 in the SCA code. If the test
does not pass (step 204, N), the user may proceed to pinpoint
the problem (step 206). Once the problem is pinpointed, the
user may attempt to find an existing solution to the problem
(step 208). If a solution is found (step 208, Y), then the user
may implement the solution (step 210). If a solution is not
found (step 208, N), then the user may proceed to fix the
problem by creating a new solution such as writing or modi-
fying program code to resolve the problem (step 212). Once
the problem is fixed, the user may retest the code (step 202).
Ifthe code passes the test (step 204,Y), then the method 200
ends and the problem is resolved. If the code fails the test, the
user repeats the steps previously described until the problem
is solved. Ideally, the user is able to diagnose and resolve the
problem at the abstraction level the user is coding in. For
example, if the user is coding at the SCA service component
level, the user will ideally be able to identify and resolve the
problem at the SCA service component level.

Referring to FIG. 3, one example of a log viewer 300 (or
graphical user interface 300) to aid a user in analyzing and
resolving a problem is illustrated. As will be shown in more
detail hereafter, the log viewer 300 provides a dynamic and
interactive GUI that can correlate and filter a variety of dis-
parate log information, as well as tie the log information to
programming artifacts. Where the log viewer 300 is used with
WebSphere Process Server, the log viewer 300 may replace
the traditional “console” view in WebSphere Integration
Developer (WID). In general, the log viewer 300 provides a
mechanism for users to perform problem determination and
application execution discovery at the correct level of abstrac-
tion in the WID environment. More specifically, the log
viewer 300 correlates SCA invocations with other log mes-
sages so that users can see exactly what has happened during
the entire invocation chain.

In the illustrated example, the log viewer 300 includes four
columns 302q-d displaying different types of information.
For example, a first column 302a shows SCA invocations in a
hierarchical list. Each item in the column 302a may include a
number of sub-items that can be viewed or hidden by clicking
the “+” and “~” symbols to the left of the item. The sub-items
may be indented with respect to higher-level items. In certain
embodiments, the higher-level items may represent invoca-
tions of higher-level SCA components whereas the lower
level items may represent invocations of lower-level imple-
mentation artifacts associated with the higher-level SCA
components. In this particular view, the log viewer 300 shows
invocations of high-level SCA components while hiding
invocations of lower-level implementation artifacts.

In selected embodiments, each item in the hierarchical list
302aq includes a time-stamp 3026 showing when the invoca-
tion occurred, a thread ID 302¢ showing which threads were
used to run the invocation, and content 3024 providing infor-
mation about the invocation. The content 3024 may be for-
matted and filtered in such a way to make it highly human-
readable. Much of this information 3025, 302¢, 3024 may be
extracted from the log records in the log file.

In certain embodiments, the log viewer 300 is configured to
view invocations in real-time as records are added to a log file
(thereby providing a “live” view). The log viewer 300 may
also provide functionality to view past invocations. In certain
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embodiments, scrollbars (not shown) or other GUI widgets
may be used to navigate or scroll though information pre-
sented in the log viewer 300.

Various optimizations may be made to improve the perfor-
mance and usability of the log viewer 300. For example, the
log viewer 300 may be configured such that it is not based on
the Eclipse Modeling Framework (EMF). This will eliminate
overheads associated with creating or loading EMF
resources. The log viewer 300 may also be configured such
that it does not process every single line in a log file. Instead,
it may only process the first few bytes of each line and cache
them as needed. Since reading data from disk is very slow,
doing as few reads as possible will speed up parsing of the log
files. The log viewer 300 may also partition information into
multiple pages. By limiting the number of messages dis-
played on a page, performance may be improved since the
amount of information the viewer 300 needs to process at one
time is reduced.

Since errors written to log files originate from underlying
implementation artifacts and not the higher-level SCA arti-
facts, apparatus and methods are needed to map the errors to
higher-level SCA artifacts. In selected embodiments, the log
viewer 300 uses the Cross-Component Tracing (XCT) feature
in WPS to correlate log messages and errors with SCA invo-
cations. The log viewer 300 may use this information to list
SCA components and their relationship to errors or other
failures.

In certain embodiments, the XCT runtime may dump
records (hereinafter referred to as “XCT markers”) denoting
the SCA invocations into the log files in an encoded manner,
such as the following:

“07e8a3dd-ddab-4640-be64-54345£c78d94 BEGIN

33ad334e-8f42-4ac0-b4ba-ed1ddb5c4bed00000000-
ccee-2008-cece-cececceecee2 SCA(Call
preReflnvokeOrderEntry%7Bhttp%3A%2F%2F
www.ibm.com%2Fxmlns%2Fprod%
2FWebSphere%2Fscd1%2F6.0.0%7DProcessOrder %
2FOrder Processinglnterface.takeOrderAssoc
(Filexct%5C2008-10-18-2%5C33  ad334e-8f42-4ae0-
bdba-edlddbSc4bed.in.xml))”).
To make these records more human readable, the log viewer
300 may translate these records into a more readable form,
such as “Start of the Invocation of Operation ProcessOrder:
takeOrder in Module OrderEntry”. The log viewer 300 may
also filter these records such that only the most relevant part of
the record (i.e., the content payload) is shown to users. Since
users may want to examine the original content of the XCT
markers, both translated and raw record content may be pro-
vided, such as in the “find” and/or “properties” dialog boxes
illustrated in FIGS. 7 and 8.

Referring to FIG. 4, because log files may become quite
large, the sheer volume of information may make the problem
determination and resolution process more difficult. That is,
the user may need to sift through a large amount of irrelevant
or uninteresting information to locate what he or she is look-
ing for. In selected embodiments, the log viewer 300 may
provide a set of pre-defined filters to enable a user a user to
filter out undesired records. When the user locates a desired
record or message in a log file, the user may use a less
restrictive filter to show the context around the record or
message. In this way, the filters allow the user to view data
from different levels in the hierarchy and with different levels
of granularity.

For example, as shown in FIG. 4, in selected embodiments,
a menu 400a, 4005 may enable a user to select various dif-
ferent filters. In the illustrated embodiment, the menu has two
levels 400a, 4005. The first level 400a may allow the user to
display log records “with only Server State and Error Con-
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tents,” “with only Server State, Error, and Warning Contents,”
or “with All Contents.” The second level 4005 may allow the
user to display “All Records Types” in a hierarchical format,
“All Records Types” in a flattened format, “Invocation
Types,” “Invocation Start Types,” “Invocation End Types,”
“Invocation Failure Types,” “Exception Types,” and “FFDC
Types.” For example, the log viewer 300 in FIG. 4 is config-
ured to show “Invocation Types” “with only Server State and
Error Contents.” Invocation types may include invocation
start types, invocation end types, invocation failure types,
exception types, and FFDC types. In this particular example,
the log viewer 300 shows invocation start types and invoca-
tion end types, which both have circular shapes associated
therewith. The darker circles represent invocation start types
and the lighter circles represent invocation end types.

FIG. 5 shows another example of the log viewer 300 with
the filter set to display “Invocation Types” “with only Server
State and Error Contents.” In this example, the log viewer 300
shows an exception type in addition to invocation start types
and invocation end types. The exception type has been
selected with a mouse pointer or other selection mechanism,
as shown by the highlighting.

FIG. 6 shows an example of the log viewer 300 with the
filter set to display “All Record Types” in a hierarchical for-
mat “with All Contents.” In this example, the log viewer 300
shows FFDC types and other log messages in addition to the
exception type, invocation start types, and invocation end
types previously shown. As can be seen, once the exception
type has been selected (as shown in FIG. 5), changing the
filter will show records and messages around the exception
type, thereby providing addition context around the exception
type.

Referring to FIG. 7, apparatus and methods in accordance
with the invention may enable a user to search a log file for
errors or other records, or search for data that was processed
in association with a particular error or other record. A “find”
dialog box 700 or other GUI may be used to conduct such a
search. As shown, the dialog box 700 may include a text box
702 or other GUI widget 702 to enable a user to enter a search
term. The dialog box 700 may also allow the user to designate
the scope of the search. For example, the scope of the search
may be limited to the type field, the time-stamp field, the
thread 1D field, the contents field, other fields, or combina-
tions thereof. The dialog box 700 may also allow the user to
search through the log file in a desired direction 706, such as
forward or backward through the log file. Other search
options 708 may also be provided. Once desired search
parameters are designated, a “find” button 710 may be clicked
to execute the search.

If an executed search finds a matching record, the details of
the matching record may be displayed. For example, the name
712 of a service component, a timestamp 714 associated with
the invocation of the service component, a thread ID 716
associated with the execution of the service component, and/
or contents 718 associated with the service component (either
in a translated or raw format) may be displayed. In selected
embodiments, the search results may also display the data 720
(in this example XML data) that was passed into or out of the
component when the component was executed. This data 720
is helpful since many times incorrect or incomplete data 720
is the cause of an error or other failure in a service component.

Once an error is located, the log viewer 300 may allow a
user to open a suspicious service component in an editor, such
as in the WID Assembly Diagram. Opening the service com-
ponents may reveal lower-level implementation artifacts
(e.g., Java files, BPEL artifacts, etc.). The lower-level imple-
mentation artifacts may then be selected and opened in cor-
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responding editors (e.g., a Java editor, a BPEL artifact editor)
to inspect the underlying implementation code to further pin-
point and/or fix the error. These editors may allow the user to
modify the code or write new code to fix the error.

Referring to FIG. 8, in other embodiments, a “properties”
dialog box 800 may be used to display much of the same
information described in FIG. 7. This dialog box 800 may be
viewed, for example, by right clicking a record in the log
viewer 300 and selecting a “properties” option. Like the
“find” dialog box 700 previously described, the properties
dialog box 800 may display the name 712 of a service com-
ponent, a timestamp 714 associated with the invocation of the
service component, a thread ID 716 associated with the
execution of the service component, contents 718 associated
with the service component, and/or data 720 that was passed
into or out of the service component when the component was
invoked. In certain embodiments, the ability to gather data
associated with an invocation may require that the Cross-
Component Trace feature with Data Snapshot be turned on in
WID.

Referring to FIG. 9, in selected embodiments, once a fix
has been applied to failing invocations (in the WID Assembly
Diagram or other editor), the invocations may be selected in
the log viewer 300 and imported into a test client where they
may be re-run to verify that the fix actually works. As shown
in FIG. 9, a checkbox next to each log record may allow the
record to be selected with a checkmark. Other methods for
selecting the records are also possible. In selected embodi-
ments, selecting an item in the list will also select each sub-
item associated with the item in the list. Once the desired
selections are made, the service components and associated
lower-level implementation artifacts may be imported into
the test client.

Referring to FIG. 10, one example of a graphical user
interface (GUI) 1000 or viewer 1000 associated with a test
client is illustrated. In this example, the viewer 1000 is rep-
resentative of the WID test client although the invention is not
limited to this test client. Upon importing appropriate XCT
markers into the WID test client, the test client is able to
import and re-run the failing invocations to verify that a fix
actually solves the problem. The WID test client may import
the appropriate invocations by processing details in the XCT
markers, such as details indicating the component and opera-
tion being invoked. The test client may then reconstruct the
invocation events so that they can be re-run and observed.

The left hand side of the viewer 1000 shows a hierarchy of
the invocation test trace. The right hand side displays the
detailed properties of the test events. For example, the
detailed properties show what component (i.e., “ProcessOr-
der”) and operation (i.e., “takeOrder”) are being invoked. The
“invocation parameters” show what data is being processed
by the component and operation. This allows data associated
with the error to be imported and reprocessed to verify that the
fix is effective when operating on the same data. Other data
may also be imported to ensure that the fix works with other
types of data.

Referring to FIG. 11, at a very high level, a tool 1100 (or
apparatus 1100) in accordance with the invention may
include one or more modules to implement the functionality
described in FIGS. 3 through 10. These modules may be
embodied in hardware, software configured to operate hard-
ware, firmware configured to operate hardware, or a combi-
nation thereof. In selected embodiments, these modules may
include one or more of a log file 1102, an identification
module 1104, a determination module 1106, a mapping mod-
ule 1108, a display module 1110, a filter module 1112, a
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search module 1114, a repair module 1116, and a test client
1118 (which may include an import module 1122 and an
invocation module 1124).

According to a sample embodiment, the apparatus 1100
comprises a processor and a memory. The processor may
comprise one or more processors operating on the process
server or remotely. The memory may comprise one or more
memory devices suitable for storing modules in the form of
program code either on the process server or remotely. The
various modules described above may be stored on the
memory and executed by the processor.

As previously mentioned, a log file 1102 may contain log
records 1120 or messages 1120 associated with the state and
activities of applications running on the process server.
Everything from system printouts to errors and exceptions
may be written to these log files 1102. An identification
module 1104 may be configured to identify error messages,
along with other messages and records, in the log file 1102. A
determination module 1106 may be configured to determine
which implementation artifacts (e.g., Java files, C++ files,
BPEL artifacts, XSLT artifacts, etc.) are associated with the
error messages. This information may, in certain embodi-
ments, be extracted from the log file 1102.

A mapping module 1108 may be configured to map the
implementation artifacts to service component artifacts that
are associated with the implementation artifacts. For
example, the mapping module 1108 may use the Cross-Com-
ponent Tracing (XCT) support in WPS to correlate low-level
implementation artifacts associated with an error to higher-
level SCA artifacts. A display module 1110 may display the
error messages and their relationship to the SCA artifacts.
This may be accomplished, for example, by displaying the
error messages and associated SCA artifacts using the log
viewer 300 illustrated in FIGS. 3 through 6, although other
GUI interfaces are also possible.

A filter module 1112 may enable a user to filter out undes-
ired log records and messages or, conversely, display desired
log records or messages to the exclusion of others. In certain
embodiments, the filter module 1112 may provide a set of
pre-defined filters to enable a user to filter out undesired
records. These filters may allow the user to view the data from
different levels (or elevations) in the hierarchy and with dif-
ferent levels of granularity.

A search module 1114 may enable a user to search through
a log file 1102 for error messages or other records, or search
for data that was processed by a particular SCA invocation. In
certain embodiments, the search module 1114 may allow the
user to designate the scope of the search or allow the user to
search through the log file 1102 in a desired direction, such as
forward or backward through the log file 1102. If an executed
search locates a matching record or message, the details of the
matching record or message may be displayed.

A repair module 1116 may enable a user to repair an
artifact when an error or failure has occurred. For example,
the repair module 1116 may enable a user to open a suspicious
service component in an editor, such as the WID Assembly
Diagram. The WID Assembly Diagram may allow the user to
selectand open SCA artifacts to reveal lower-level implemen-
tation artifacts (e.g., Java files, BPEL artifacts, etc.). This, in
turn, allows the user to select and open the low-level imple-
mentation artifacts in corresponding editors (e.g., a Java edi-
tor, a BPEL artifact editor, or the like) to inspect and/or
modify the underlying implementation code.

A test client 1118, such as a WID test client 1118, may be
provided to test programming artifacts once they have been
repaired. In certain embodiments, the test client 1118 may
include an import module 1122 and an invocation module
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1124. The import module 1122 may enable the user to import
programming artifacts into the test client 1118. For example,
the WID test client 1118 may import XCT markers which
may allow it to import failing SCA invocations. An invocation
module 1124 may then be used to invoke the invocations to
verify that a fix solves an error or other problem.

The flowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, processes, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or por-
tion of code, which comprises one or more executable
instructions for implementing the specified logical
function(s). It should also be noted that, in some alternative
implementations, the functions noted in the block may occur
out of the order noted in the Figures. For example, two blocks
shown in succession may, in fact, be executed substantially
concurrently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams
and/or flowchart illustrations, and combinations of blocks in
the block diagrams and/or flowchart illustrations, may be
implemented by special purpose hardware-based systems
that perform the specified functions or acts, or combinations
of special purpose hardware and computer instructions.

The invention claimed is:

1. A method for analyzing and resolving problems in a
process server, the method comprising:

receiving a log file associated with an application running

on the process server, the application comprising higher-
level service component artifacts, and lower-level
implementation artifacts used to implement the service
component artifacts;

identifying error messages in the log file;

determining what implementation artifacts are associated

with the error messages;

mapping the implementation artifacts to service compo-

nent artifacts that are associated with the implementa-
tion artifacts; and

displaying the error messages and their relationship to the

service component artifacts.

2. The method of claim 1, wherein the process server is a
runtime engine that supports Service Component Architec-
ture artifacts.

3. The method of claim 1, wherein the service component
artifacts are Service Component Architecture (SCA) arti-
facts.

4. The method of claim 1, wherein the implementation
artifacts are implemented in at least one of object-oriented
programming languages and XML -centric programming lan-
guages.

5. The method of claim 1, further comprising enabling a
user to import artifacts associated with an error message into
a test client.

6. The method of claim 5, further comprising enabling the
user to import data elements associated with the error mes-
sage into the test client.

7. The method of claim 6, further comprising enabling a
user to invoke, in the test client, the implementation artifacts
associated with the error message to operate on the data
elements.

8. The method of claim 1, further comprising providing
functionality to enable the user to apply a fix to the imple-
mentation artifacts.
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9. The method of claim 8, further comprising providing
functionality to enable the user to re-run the implementation
artifacts with applied fixes until an error is resolved.

10. An apparatus for analyzing and resolving problems in a
process server, the apparatus comprising:

amemory;

a processor functionally connected to the memory;

a log file stored on said memory and associated with an
application running on the process server, the applica-
tion comprising higher-level service component arti-
facts, and lower-level implementation artifacts used to
implement the service component artifacts;

an identification module stored on said memory and
executable by said processor to identify error messages
in the log file;

adetermination module stored on said memory and execut-
able by said processor to determine which implementa-
tion artifacts are associated with the error messages;

a mapping module stored on said memory and executable
by said processor to map the implementation artifacts to
service component artifacts that are associated with the
implementation artifacts; and

a display module stored on said memory and executable by
said processor to display the error messages and their
relationship to the service component artifacts.

11. The apparatus of claim 10, wherein the process server
is a runtime engine that supports Service Component Archi-
tecture artifacts.

12. The apparatus of claim 10, wherein the service com-
ponent artifacts are Service Component Architecture (SCA)
artifacts.

13. The apparatus of claim 10, wherein the implementation
artifacts are implemented in at least one of object-oriented
programming languages and XML -centric programming lan-
guages.

14. The apparatus of claim 10, further comprising an
import module stored on said memory and executable by said
processor to import implementation artifacts associated with
an error message into a test client.

15. The apparatus of claim 14, wherein the import module
is further configured to import data elements associated with
the error message into the test client.

16. The apparatus of claim 15, further comprising an invo-
cation module stored on said memory and executable by said
processor to invoke, in the test client, the implementation
artifacts associated with the error message to operate on the
data elements.

17. The apparatus of claim 16, wherein the invocation
module is further configured to re-run the implementation
artifacts with applied fixes until an error is resolved.

18. The apparatus of claim 10, further comprising a repair
module stored on said memory and executable by said pro-
cessor to enable the user to apply a fix to the implementation
artifacts.
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19. A computer program product for analyzing and resolv-
ing problems in a process server, the computer program prod-
uct comprising a non-transitory computer-readable storage
medium having computer-readable program code embodied
therein, the computer-readable program code comprising:

computer-readable program code to receive a log file asso-
ciated with an application running on the process server
when executed by a computer, the application compris-
ing higher-level service component artifacts, and lower-
level implementation artifacts used to implement the
service component artifacts;

computer-readable program code to identify error mes-
sages in the log file when executed by a computer;

computer-readable program code to determine what imple-
mentation artifacts are associated with the error mes-
sages when executed by a computer;

computer-readable program code to map the implementa-
tion artifacts to service component artifacts that are asso-
ciated with the implementation artifacts when executed
by a computer; and

computer-readable program code to display the error mes-
sages and their relationship to the service component
artifacts when executed by a computer.

20. The computer program product of claim 19, further
comprising computer-readable program code encoded on the
non-transitory computer-readable storage medium to import
implementation artifacts associated with an error message
into a test client when executed by a computer.

21. The computer program product of claim 20, further
comprising computer-readable program code encoded on the
non-transitory computer-readable storage medium to import
data elements associated with the error message into the test
client when executed by a computer.

22. The computer program product of claim 21, further
comprising computer-readable program code encoded on the
non-transitory computer-readable storage medium to invoke,
in the test client, the implementation artifacts associated with
the error message to operate on the data elements when
executed by a computer.

23. The computer program product of claim 19, further
comprising computer-readable program code encoded on the
non-transitory computer-readable storage medium to apply a
fix to the implementation artifacts when executed by a com-
puter.

24. The computer program product of claim 23, further
comprising computer-readable program code encoded on the
non-transitory computer-readable storage medium to re-run
the implementation artifacts with applied fixes until an error
is resolved when executed by a computer.
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